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This research work is related with metallic ore deposits of central-south region of Chile, 
specially on massive sulfides of the Coastal Range. The boundary coordinates are 36'30' 
and 40'OO' Iat. S and 71'OO' and 73'40' Iong. W. In this area two important mountain 
systems are distinguish : the Los Andes mountain range and the Coastal Range. The first 
one is characterized by the continuous presence, in time and space, of volcano-clastic and 
voicanic rocks from the Upper Cretaceous to the Quaternary. The oldest rocks encoun-
tered correspond to shales and fossiliferous marine sandstones and shales assigneed to the 
Dogger. The outcrops of these rocks are confined to a small zone in the southern part of 
the area under study and represent the only Inarine episode known in the evolution of the 
Andes mountain range of the region. 
The Coastal Range is a massif formed of metamorphic and intrusive rocks assigned to 
the Middle and Upper Palezoic. Despite the modifications experiences by the rocks, due 
to the metamorphism and to the forces originated by the tectonic cycles of the Palezoic, 
Mesozic and Cainozoic (Hercynian and Andean Tectonic Cycles) , it is possible to distin-
guish that the protolith is formed from a sequence of sedimentary rocks, possible marine, 
formed of graywackes, cherts, quartzites and shales. These rocks include intercalations 
with pillow-Iavas. 
Intrusive rocks are distributed in elongated bands in north-south direction, showing 
polarity in space and time. In this way, in the western part, corresponding to the Coastal 
Range, a batholith is recoguized assigued to the Paleozoic ; towards the east, in the Andean 
sector, a granitoid crops out, probably Upper Cretaceous age, and finally, in the most 
eastern part there are stock type intrusives assigned to the Miocene on the basis to their 
field relations and isotopic determinations. 
Two principal cycles of mineralization are recognized related to geologic phenomenon 
of the Paleozoic Tectonic Cycle and to processes related to the Andean Tectonic Cycle 
respectively. The massive sulfides of copper, zinc and iron (mainly chalcopyrite, sphalerite 
and pyite) , chromite related to ultramafic serpentinized intrusions and stratabound de-
posits of manganese of the Coastal Range correspond to the Paleozoic System. The 
porphyry coppers, with molibdenum, are related to the Andean Tectonic Cycle, as are the 
systems of hydrothermai alteration which are known in the Andes mountain range. A11 are 
emplaced in granitic rocl{s of the Upper Cretaceous and the Middle Tertiary age. The 
principal deposits are Galletue, San Jose and Otue. 
The gold deposits associated to breccia pipes with strong pyritization and silicification, 
 arealsoassoclatedwi伍伍eAndea鷺Tecto鷺icCycle.Tぬeprincipaldepositoft短stypeis
 M細sdelprado.Othertypeso{mi且erallz&tlonarevelnsoぞcopperandvelnso∫Ieadand
zlnc.
 Theporphyrycopper13cksazoneofsぴperge捻eenrichment(i駁eto愉ec玉lmaticaΩd
 morp鼓ologicco鍛ditlonsw鼓ichhaveaffectedthearea,at董eastsiRcetheUpperTertiary、
 Them&ssivesu圭fideso£coPPer,z圭ncand圭ronoft鼓eCoastalRangeared量rectlyrelated
 tosc短stsofquartz-chlorite-epidote一(albite-m穀scovite),denominated“greensch1sts",
 whoseprotQまi癒arevolcanicandandvolcano-clastlcrocksdepositedinmarineenviron-
 fnent.丁姦echemicalcomposltio捻ofthe搬etavolcanicrocl{spermltsassociatingthemwit鼓
 thole呈ticbasalts.
 Thegeologicantecedentsobtained量nthisinvest呈9&t墨onperm圭texplai鍛ingtheform&t至。雛
 。{massivesul{idesbymeansofavolcaRic-exhalat1veprocessocc雛rringlntheoceande多極s
 d雛ring甑ePaleozolc,similarto旗e鼓ydrotbermalsystemsactualiyrecog飢zedi簸the
 GalapagosRiftorthedepositatioRofpolymetalllcs雛lfidescoming{rombrinesintbeRed
Sea.
 UsingtheFeScontentsinsphal母iteasgeobarometer,aminimum,o£2.3kbaris
 obtalned、Thosevaluesarel就erpretatedasmetamorp穎smpressure、
 Thefillingtemperat蟹eo{fluid短cluslGnsinqtlartzass()ciε{tedtosulfidesvarlesbetween
 310。aad360℃,andt熱esu1魚rfugacltyc恥angebetween-10.5and-8.9.
 Sulfurisotopecompositionshowsandaverageo{十2.5,th呈sisnearBessh{type圭sotope
composition.
 丁麹egeologic,mineraiogic,andgeochemic段lc員aracterlsticsoft難emassivesulf1des
 studied圭ntheCo&sta王Ra雛geo{t}生esotlt}10fC妓ilepermitco陰dudingthefo聖主oyvi葺9:
 一丁無eyarepolymetallicdepGslts£ormedofcopper,zincεndiron,w1thoutlead
-TheyaredirectlyassociatedwitllvoicaaG-ciasticandvolcallicmetamorphozed
 rocks,o{翫oleiitlccompositlG11,wlthpillowstructure,assignedtotheMlddle
PaleOZO1C.
 一丁}ユemetavolcano-clasticandvo生can宝crocksareinterlyi鶏9至naseq昼ePceofschists()f
 quartz-alblte-m穫scovite一(cMorite),w鼓oseprotoli窃wouldcGrrespoRdtopelltesand
 graywackes、
 Thesecharacterlsticsind量cateadeposltingin嶺emarinebottom,lnw振chtholeiitic
 volcanismisdeveloped;them至neralizingsoぬtions段redirectlerelatedthevdcanic
systems.
 Bycomparingthemassives磁{idesstudiedwitht薮oseknownino磁erpartso{theworld,
 includin1ng徳erecentfindingsofthemeso-oceanicmo雛ntainra鍛gesaηdintheRedSea,it
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 ispossibleto至indgeneticsimIlarltiesnotonlywi癒t熱eBesshidepos重tsofJapan,b雛twi伍
 theCyprustypedepositsandt熱erefore,wit叛themineralizationoftheGalapagosRlft.
 Oneisnotpreparedwitharg鵬entstoprove磁eexiste捻ceofaPaleozoicoceanic
 crustaccretingontotheSou癒Americancontinentor愉e(ievelopmento∫anarc-trenc鼓
 systemassoclate(iwi協thepaleo-zoneofsubductio捻,w1thmagmatismofma{ictoultrama一
 ∫ictype,wi雛developme捻tofanvolcanic-se(iimentarymarlnesequence,a鶏dpillowIavas
intheeugeosynclinaizoneofthesystem.
 Ont盤eother益and,t赴epresenceofabdtofultramaflcrocksserpentinlzed,wlth
chrom1te(podi{ormbodles)iscommonin1sland-arc(∫orex.Cαba,Ph111pines,etc,),even
 though量t圭snotrarea玉soencounterdepos圭ts,intheoceancr級st,糞eart}1er重ftva}1eys.These
 bodiesarerepresentedlntheareaofthechlleaRmassivesulfldeso£theCoastalRange、
 ThebandeddepQsitsofmag盤etiteand鼓ematitew繭q罎artzltesthatexlstin極ezoneof
 LagoLleα↓le穀(ηor出empartoftheCoastalRangeunderstudy)andt鼓oseofmanga王}ese
 inValdivia(sou出emparto至徳eCoastalRange),wouldrepresentthedistalandproximal
 P鼓asesrespectlvelyoftbevolcanicce簸teでs.
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 論文審査の結果の要旨
 本論文は南米チリ中・南部地域における金属鉱床とくに塊状硫化物鉱床,クローム鉱床,鉄・
 マンガン鉱層及び斑岩銅鉱床などについて地質環況,火成活動と鉱化作用,鉱物共生などを詳
 らかにし,その資料から鉱床生成の機構とその条件,ひいてはその成因を明らかにしている。
 本論文では本地域の鉱化作用をPaleozolctectonlccycleに関係して生じたものと,Andes
 tectoniccydeに関係するものとに大別し,そのうち前者はCoastalRangeにみられる塊状硫
 化物鉱床,クローム鉱床及び鉄・マンガン鉱層で,上部古生代の塩基性火成活動と密接な関係
 を有している。塊状硫化物鉱床は海底火山による熱水沈澱物で,一方クローム鉱床は正岩漿鉱
 床で,ともに塩基性または超塩基性火成活動による産物であり,これらの分布が空聞的にその
 当時のplateのsubductionzoneと密接に関係していることを見出し,マグマの発生などその
 成國との関係を論じている。塊状硫化物鉱床は石英・緑泥石・緑れん石片岩(緑色片岩)中の層
 状鉱床で,黄鉄鉱・黄銅鉱・内亜鉛鉱・磁硫鉄鉱などよりなり,閃亜鉛鉱地質圧力計による圧
 力は2.3Kb,石英中の液体包有物充填温度は310。～360℃,硫黄同位体比δ34S(%)は+O、3～+
 5.4・平均+2.5で,本邦の甥子型鉱床のそれと近い値をえている。
 Andestectoniccycleに関係してAndesR蝕geに白亜紀乃至第三紀の花こう岩類の活動や
 熱水変質作用が行われ,斑岩銅鉱床を生成している。この鉱床は白亜紀トナーライト(85Ma)の
 活動末期の熱水溶液によって生じたもので,黄鉄鉱,黄銅鉱,輝水鉛鉱,磁硫鉄鉱,僅量の閃
 亜鉛鉱及び方鉛鉱を伴ない,そのうち黄銅鉱は熱水変質緑泥石帯及び石英・絹雲母帯,輝水鉛
 鉱は石英・絹雲母帯と密接な関係を有することを見い出している。チリの斑岩銅鉱床は世界的
 な規模を有し,銅資源としてきわめて重要であるが,その分布はチリ中・北部に限られ,これ
 まで南部地域ではその存在が否定されていた。しかし,本研究によってチリ南部においても斑
 岩銅鉱床の存在が明らかにされ,この鉱化帯がチリ南部まで延びることを見い出した意義は大
 きい。またクローム鉱床もこれまでチリではその存在が全く考えられていなかったが,これま
 た新しい資料を提供している。
 上記のように本論文はチリの金属鉱床について多くの新知見を与えており,本人が自立して
 研究活動を行なうに必要な高度の研究能力と学識を有することを示している。よって,Guil-
 1ermoA1{aroHanne提出の論文は理学博士の学位論文として合格と認める。
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